INTRODUCTION
Overdose has become the leading cause of death by injury in the US, responsible for tens of thousands of preventable deaths each year. 1 This rapid change is primarily due to the dramatic increase in prescription opioid availability and misuse over the past 20 years. 2, 3 Opioids are the most common drug type involved in unintentional overdose and represent a critical target for overdose prevention strategies. 4 Numerous strategies have been implemented to respond to the growth in opioid overdose deaths-educating health care providers and the public, prescription monitoring programs, prescription drug take-back programs, and overdose prevention education and naloxone distribution (OEND) programs. 5 Naloxone is an opioid antagonist that reverses overdoses by quickly displacing opioid agonists from the receptors and is the treatment of choice for opioid overdose. Recently there has been increased interest in expanding access to naloxone to potential overdose bystanders so that it can be administered quickly when an overdose occurs. 6 Initial naloxone distribution efforts occurred primarily through needle exchanges and other urban community outreach programs, 7, 8 but lately naloxone kits have been increasingly distributed to emergency responders, 9, 10 known drug users and their families, 11 and others. 12 Specific efforts have also evaluated distribution through pharmacies 4 and Emergency Departments. 13 One high-risk population that is often overlooked is opioid using patients in treatment. Risk of overdose death is higher among people who use opioids upon treatment completion, presumably due to reduced tolerance during a sustained period of drug abstinence.
14 As a result, providing overdose prevention in a treatment setting targets a population especially susceptible to overdose death.
Historically, many treatment programs have been reluctant to provide naloxone education and distribution because of the perception that it contradicts the emphasis on drug abstinence, a main focus in most treatment settings. 5, 15 In addition, prescribing and/or distribution of naloxone to patients within the treatment program itself raises further challenges due to cost, legal and regulatory requirements regarding prescribing and medication distribution, and physician attitudes and knowledge gaps about prescribing. 16, 17 Thus, although local (Illinois) laws at the time of the study offered partial legal protection for prescribing and dispensing naloxone, 18 significant barriers remained to implementing either strategy. However, providing overdose education alone, without any naloxone prescribing or distribution, presents fewer logistical and legal barriers. This can be done by providing education about opioid overdose, including proper use of naloxone, along with referrals to outside resources for access to naloxone, providing nearby easy access to naloxone overdose kits for free or low cost (depending on the location chosen by the patient). Thus, instituting routine overdose education in treatment settings provides a relatively simple way of addressing the growing opioid overdose problem in a very high-risk population.
Many studies have evaluated the effects that overdose prevention and response training programs have on the knowledge and behaviors of people who use opioids. [19] [20] [21] [22] Most studies occurred in community outreach programs or similar settings, but only one case report has been published about use in a standard treatment program setting. 5 The purpose of this study is to evaluate an overdose education intervention in a treatment program setting, testing the hypothesis that education during the treatment program will improve patients' knowledge of opioid overdose signs and response strategies, including use of naloxone, and result in increased access to naloxone.
MATERIALS AND METHODS

Subjects
Subjects were selected from patient admissions with opioid use at a community addiction treatment center for the 1 month preceding and 12 months following implementation of a new naloxone educational program, which became a standard part of the treatment program curriculum for all patients using opioids. Patients with an opioid use disorder diagnosis were invited to participate in the study and were enrolled after giving informed consent. The only exclusion criterion was moderate to severe cognitive deficits. Participants were ages 18-61 and 28% female (see Table 1 ). This study was approved by the local hospital institutional review board, was operated under a NIDA Certificate of Confidentiality, and was registered at clinicaltrials.gov. All subjects provided informed consent before participation in the study.
Study Procedures and Naloxone Program Description
Prior to implementation of the new educational intervention, researchers assessed the knowledge of subjects (N ¼ 14) using the Opioid Overdose Knowledge Scale (OOKS), 23 which served as a non-interventional control group. Although they did not receive the new formal educational module, these patients did receive printed information about where they could obtain naloxone overdose kits. This group was retested at 3 month follow up. All subjects were offered a $5 gift card as an incentive for completing the follow up session.
Researchers then began delivering an educational session for opioid using patients in the suburban, adult outpatient programs (intensive outpatient program or IOP and partial hospitalization program or PHP). The 4-week program consists of predominantly group-based sessions including CBT, education, and 12-step facilitation, as well as family therapy session, psychiatrist sessions, and pharmacotherapy (including buprenorphine/naloxone). The new educational session content was adapted from the New York State Department of Health's Opioid Overdose Prevention Guidelines for Training Responders 24 by summarizing it in a 23-slide slideshow and adding pictures. The session follows a group format with lecture, slideshow, and handout and provides detailed information on recognizing signs of opioid overdose and use of naloxone. Patients were able to ask questions during and after the presentation, and the entire session was 30-45 min. Sessions were conducted by a postdoctoral clinical staff member (author JR) for the first 4 months of the study and then by a different pre-doctoral clinical staff member. Both had supervision by author DL when starting the training sessions and as needed for later sessions. At the end of the session, patients were then given specific instructions verbally and in writing about obtaining naloxone kits from local providers and distribution sites.
Every patient with an opioid use disorder was asked to complete this educational session, and subjects recruited from this population agreed to complete several questionnaires. The OOKS was delivered to them three times: (1) immediately prior to the educational intervention; (2) immediately after the educational intervention; and (3) at follow-up (mean follow up at 94 d). Subjects in the control group received the OOKS once during treatment and once at follow-up. In addition, subjects completed a separate survey about overdose and naloxone once before the educational session and once during the follow up session.
Measures
The Opioid Overdose Knowledge Scale (OOKS 23 ;) is an empirically validated questionnaire that surveys the subjects' knowledge of the risks, signs, and actions associated with opioid overdose, as well as the appropriate use of naloxone. That is, this 45-item check-list measures understanding of various aspects of opioid overdose, identified as four subdomains: (1) Risks-overdose risk factors (eg, larger doses, using an opioid after detoxification treatment, etc.); (2) Signs-overdose signs (eg, blue lips, unresponsive, etc.); (3) Actions-life saving actions one may take (eg, clearing the victim's airway, mouth-to-mouth resuscitation, call 911, etc.); and (4) Naloxone Use-the appropriate use of naloxone (eg, administration, duration, etc.). Initial psychometric research 23 has indicated that this is a suitable way to evaluate naloxone training for overdose bystanders.
A separate naloxone survey was developed for this study with additional questions specific to naloxone use, access, and related behaviors. Dichotomous data were collected to measure witnessing overdoses, overdose education experience, naloxone access, and naloxone use.
Analysis
The primary outcome analyses of the OOKS total and subdomain data were evaluated using linear mixed model analysis with time as a factor. Comparison with the historical control group was made using linear mixed model analysis with group and time as factors. Demographics variables were compared with unpaired t-tests (continuous data) and x 2 tests (categorical data). Comparison of dichotomous data on the naloxone questionnaire was made using McNemar's test. Alpha was set at .05 (two-tailed) for all statistical analyses, which were conducted using SPSS 23 statistical software. Figure 1 shows the significant improvement in knowledge scores from the OOKS following the education from 32.6 to 39.1 (p < .0001), which was mostly retained at the follow-up time point (total score of 38.4). The OOKS subdomains Actions and Naloxone Use followed a similar pattern (p < .0001). For the other two subdomains, Risks and Signs, changes were not statistically significant but trended toward significance (p < .10).
RESULTS
OOKS
Twenty-two total subjects completed follow up questionnaires, which was 39% of the enrolled subjects (37% for treatment group and 42% for control group).
Comparison With Historical Control Group
In the analysis of the OOKS Total score, there was a significant group Â time effect (p < .05) reflecting the greater knowledge improvement in the intervention group after receiving the naloxone education (increase from 32.6 to 38.4) (Fig. 2) . Interestingly, the control group also showed an improvement at follow up, increasing from 32.7 to 36.3 (there was a significant overall time effect with p < .005). Within the control group alone, mean scores improved not only for Total OOKS but also for each subdomain except for Signs.
OOKS subdomain analyses revealed consistently significant time main effects for each subdomain, but only the Naloxone Use subdomain produced a significant group Â time effect (p < .05), indicating the greater score increase in the intervention group. Thus, the intervention group showed greater improvement in the OOKS total score and the Naloxone Use subdomain score in comparison to the control group. However, post-hoc comparisons of the intervention versus control follow-up scores for OOKS Total and Naloxone Use were not significant.
Naloxone Questionnaire
Four subjects (7% of sample) reported possessing naloxone in the past. This included one of the control subjects (7%) and three intervention subjects (7%). Only one subject who did not already have naloxone at the time of treatment obtained it during follow up, and an additional one subject newly obtained access to naloxone at their location of use. Both these subjects were in the intervention group, and no subjects in the control group had newly obtained access to naloxone at follow up. There was no significant difference in number of subjects possessing naloxone after the intervention (Table 2) .
DISCUSSION
The results of this study show that the educational group session was effective at increasing opioid overdose and naloxone knowledge among treatment-seeking opioid use disorder patients, a population at high risk of opioid overdose death.
The instrument used for assessing knowledge, the OOKS, has been validated and used in previous research for similar evaluations. The overall total score increased after the educational group, reflecting the hypothesized improvement in knowledge about opioid overdose. Two of the subscores, Actions and Naloxone Use, also had a significant score increase following the educational group. The lack of a significant increase in the two remaining subdomains, Risks and Signs, may be due to lack of sufficient power, especially since there was a trend toward significance. It may also reflect relative deficiencies in the education in these knowledge areas, providing an opportunity for improvement.
Although retention at follow up was limited (38%), enough subjects responded to demonstrate good knowledge retention at the follow-up assessment. Interestingly, the control group also showed substantial knowledge gains at the follow-up time point. The treatment group had significantly greater knowledge improvement than controls, showing that the intervention was indeed effective. However, it is interesting that knowledge improved so much in the control group without specific intervention. On possible explanation is that the study and questionnaire process itself may have led to some immediate or delayed knowledge acquisition. In addition, although controls did not receive the educational module, they were already receiving some unstructured naloxone education from staff as well as printed information about naloxone distribution sites.
It is hard to know how much the knowledge improvement can or will translate into lives saved from overdose, either by the study subjects themselves or in others that they may witness. However, having access to naloxone is a critical, concrete step that will significantly improve the chance of saving lives when witnessing an overdose. Therefore, it is important to evaluate the impact of the educational program on access to naloxone, especially since there was no direct distribution of naloxone itself to the participants.
There was no increase in naloxone access reported following this educational intervention. Only one subject newly obtained naloxone after the intervention, as of the time of the follow up assessment. The educational intervention clearly improved knowledge, but it did not yield any measurable improvement in naloxone access. This type of intervention, education without direct distribution of naloxone, may not improve the practical access to naloxone needed to help reduce opioid overdose mortality.
One important limitation of the study was the lack of randomization. A pre-intervention historical cohort was used FIGURE 1. OOKS total score across time for intervention group, Ã p < .0001.
FIGURE 2. OOKS total score intervention versus control, Ã p < .05 group Â time effect.
as a control group without any random assignment or matching. Although the demographic variables were similar in the two groups, this type of design is particularly susceptible to cohort effects that could have introduced unanticipated influences on outcomes apart from the intervention itself. Additional research could be designed so that participants are randomly assigned to groups in a prospective study. Such methods would help further clarify the effectiveness of similar interventions in community treatment centers. One additional limitation is the relatively low follow up rate, which increases the risk of biased follow up data. Second, the time of the follow up was highly varied with a mean time to follow up much longer than the 1-month goal. This was due in part to delays in hearing back from subjects to conduct the follow up interviews, as well as delays by staff in making the initial and follow-up contact attempts. However, this additional delay in the follow up time would be expected to reduce retention of knowledge gained from the intervention and bias results away from the observed effect. Implementation of opioid overdose education and naloxone distribution (OEND) programs has grown in the last several years because of increasing opioid overdose mortality. In spite of these efforts, several important barriers continue to limit naloxone use-its status as a prescription medication, cost, negative attitudes toward the drug, and a variety of other legal and regulatory issues. To address some of these barriers, since 2001 a total of 43 states have now passed some type of law aimed at increasing naloxone access and/or use. 16, 18 Such laws typically provide liability protection for those who prescribe, dispense, or administer naloxone. Many laws also improve access by specifically allowing third party prescriptions (ie, prescriptions to a layperson for use on someone else) and standing order prescriptions (ie, allowing the medication to be prescribed to a person that has not been examined directly). Thirty-four states have also passed laws to encourage opioid overdose bystanders (ie, Good Samaritans) to seek the help of first responders by providing immunity from criminal prosecution for drug-related offenses. 16, 18 However, treatment providers have been slow to add these strategies. One common barrier is the idea that OEND contradicts the goals of treatment, which typically involve abstinence from substances of abuse. However, the dramatic rise in opioid use and opioid overdose deaths has caused many to reassess these longstanding views. In spite of this, many barriers continue in treatment settings. First, the cost of the medication has increased significantly in recent years, which may pose barriers both for program distribution of naloxone as well as patient purchase at a pharmacy. Second, many programs have internal regulations limiting distribution of medications or standing order prescriptions, especially in larger health systems. Finally, attitudes of prescribers and other staff often continue to limit prescribing. Over time, more treatment programs have begun to offer education and distribution of naloxone, although no studies have been published on findings in this population.
Treatment seekers are an important group to target with this intervention for several reasons. First, because of their significant opioid use disorders they are at high risk for relapse back to opioid use. Second, these patients are known to be at especially high risk for overdose death after completing treatment, most likely because of the reduced opioid tolerance resulting from their sustained drug abstinence during treatment. Finally, this group is also very likely to witness overdoses occur in others because they often use together with others.
Future directions of this research will include evaluation of other methods to try to improve patient access to naloxone such as increased access to prescriptions and possibly direct distribution of naloxone within the treatment program.
In summary, this study in a community treatment program demonstrates the effectiveness of an educational intervention on improving patient knowledge of opioid overdose and naloxone. The intervention had limited effect on improving patient access to naloxone, suggesting that education alone, in the absence of naloxone distribution, may not be optimal for reducing opioid overdose mortality in this high-risk population. Accumulating data shows the potential for overdose education and naloxone distribution to reduce overdose mortality, and this study provides additional support for the idea of making this a standard part of treatment for opioid use disorders.
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